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DYNXi4IC PROBL4,1$ OF CZl"BRN.TIC3

CThe following isa translation of .the introduction and
bibliography of the book entizled Dinamicheskiye Zada-
chli Kibernetiki (Dynamic Problems of Cybernetics) by
A. S. Kel'zon, published in Leningrad in 1919; pages
4 to 19, and 287 to 290j

INTRODUCTION

The ten years that have passed since the publication
of Jiene",,s book "Cybernetics" (72) have been.years of in-
tsnsive work by numerous• groups of scientists with the aim of
credting a 3eneral theoretical basis for various branches of
sciences that participate, in the process of construction of
mechanical and electrical systems slated for realizin3 stable
and purposeful operations.

Any machine, ship or airplane may be regarded as a
system of mechanical and electrical components that realizes
stable and purposeful operatiqns. .. IHowever, there is an es-
sential difference between the science that studies these ma-
chines and cybernetics.

These machines are either intended for the production
of routine operations that are not connected with any chan-
Ses in external conditions, or else these objects (for exam-
ple,a ship) react to information received from the outside by
means of tae controlig of the action which, in turn, is ac-
complished by Man.

Cybernetics, and in particular that branch of it which
is called enZineering cybernetics by Tsien, H.S. (71), is a
science that integrates information about external conditions,
tranCfo~ation of'this information into control signals, and
examination and selection of a system of automatic control
that realizes particular stable operations.

In classical problems of automatic controk, for exam-
ple, in the problem of sustaining constant. angular velocity
of the shaft of a steam engine or in the problem of assurinx g
stability of straight-line uniform flight of an airplane, 0
there seem at first glance to be elements of cybernetics eni .-......
neering. However, the essential difference of theso problems
from cybernetic problems is the steady-state of the ideal
operation, which must be maintained by the system of automatic
control.
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Thus, in the problem of regulating the stroke of the
steam engine, the ideal operation is shaft rotation with a
constant prescribed angular velocity. The system of automatic
control is predestined for eliminatin3 or decreasinG anty de-
flection of the angular velocity from the prescribed value.
AnaloGously, in the problew of automatic control of airplane
motion, the ideal operation is the regular and straight-line
mot ion.

The task of the system of automatic control is to main-
tain this steady-state operation and reduce to zero all inci-
dental or systematic deviations from this operation,

In the problems of cybernetics, the selection of the
ideal operation is an independent scientific probleim, and,
since the optimum ideal operation of motion is, in the majo-
rit; of cases, transient in nature, this leads to the deve-
lopment of completely new directions in the science of auto-
matic control.

Thus, the problems of cybernetics include branches
which touch upon:

a) the selection and comparative analysis of ideal opera-
tions of motion;

b) the selection and comparative analysis of information
parameters of external conditons;

c) the selection and comparative analysis of the methods
of transformation of information about the external conditions
into control signals;

d' the selection and comparative analysis of the system of
automatic operation of motion from the point of view of stabi-
lity and qualitative criteria.

Cybernetics as a science, must develop and systematize
the methods of computation, analysis and synthesis applied in
en3incerin3 practice. The appearance of high-speed alectronic
simulating and numerical digital computers led to the tendency
to solve concrete problems by means of the methods of approxi-
matonumorical integration of differential equations of motion.
However, such an approach does not permit evaluating the pro-
blem as a whole and making general conclusions irrespective of
the concrete significance of these or other values, as well
as the initial conditions of motion.

Thus, cybernetics as a science cannot reject analytical
study of a problem.

Analytical study usually becomes possible after some
assumptions; the selection of these limitations, made in such
a manner that the basic laws of the characteristics are not
disturbed, is one of the nicest and most difficult problems
of cybornetics.

.ith this, computing mechanisms retain the greatest si-
-nificance and are utilized in two directions. irom one side,
those machines allow fitting analytic investigation to those
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areas in which it is not possible to obtain a solution in go-
noral form. From the other side, after the basic laws have
boon established, the solution in oach concrete case may be
rfinod with the aid of computers by the methods of numerical
intcrjrat ion.

Aloin4 with the subsequent development of the Senoral
state of cybernetics, the application of methods of enSinoor-
ing cybernetics to the solution of concrete problems of con-
toeporary tochnolosy has the most important significance.

The application of cybernetics to a number of toclhno-
lo3xcal problems was demonstrated in the work of Tsien,.H.S.
(71): control of the range of ballistic missile, regulation
of turboprop ongines, automatic control of. the operation of
turbojet en-ines, etc. This allowed the author to make a do-
finite contribution also to the development of the general rae-
thods of cybernetics.

Thus, the problem of selecting the system of auto,,ICtic
control of the range of ballistic missile allowed Tsicn, H.S.,
to work' out, for the given problem, a method of computinr3 the
system~s of automatic control which arc described by means of
differential oquations in variations iwith variable coeffi-
cionts..

Thus, the examination of concrete dynamic problems from
the standpoint- of cybornetics not only. allows discovering tho
gbnolal laws in the Siven problem, but also to enrichment of
the sci(:nre of cybernetics itself by new, fruitful methods.

I1. this book, the attempt is being made to examine
systemati.xlly, from the point of view of cybernetics, one of
the rroblems in the area of automatic control of motion: the
problem of tissile homing to a moving target.

At the end of the Second .orld Jar, for striking immo-
bile zs uoll as mobile targets (airplanes, enemy ships, etc.),
Guided reaction-propelled missiles, with a homing head, were
utilized for the first time.

The action of such a guided missile in the air or in
the water is composed of three stages:

StaGe I - approach of the target. Durin3 this stage, the
reaction-propelled guided missile is brought into the area of
the tarGot at a distance within the homing head range. This
stage Day be achieved by moans of a ship, airplane carrier, or
missile flight, either free or guided by radio.

StaGe II - pursuit of the target, Then the distance bet-
weon the guided missile and the target becomes smaller than
the radius of action of the homing head, the outside guidance
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of the missile is terminated. and thc m-issile is 3uidod by the
hom~in- hea"d -- a sensitiveý element whose axis is diroctod. to
the tar-et.

St'se III - trilliaG thc target. As soon as the distance
bet~en te iesleand the taýr'get boco'.:cAs a-mallcr thanl the

rladius ol" action of the: prox k_'-'t; fusc, thce latter is activa-
tod and the tar3ot is hit by tlie explosion of t~he isi
If the aissile does not have a proximity fuse, thc explosion
occurs only at impacet. In this case, tho second sta-e miust
te-rm-inate in the) accurate hitting of the target by theý mis-

The nost co:..ipl.ex sta-ge, fromi the point of viow ofl
tý;c'hnical rcaliza-tion, Ond at the sameo timeo the m.ost i.2por-

tan' tctically, is the second stageo, insofar as tae imotion
durings t~he second stage-, is decisive for succe:,ssf-Lul teýrmination
of tho pre:sented problem -- hitting of the tar,-et. 2hen c ons-
truction of the -,uided aissile, its velocity, th.-. seloction
of the automatic -uid~ance system.-. rcej-Iizced by Licans of the ho-
P~ing; head, arc de~tormine-d, first of all, by the requiremeonts
of Stase II.

In target pursuit of' thD 3uided miszilc with a homilna
heýad, vcarious laws of approach may bo selected. These la-ws
of tacrget pursuit may be divided into three ba-sic groups.

The first "roup includes target pursuit alonG pursuit
curves. The: ba-sic condition of this motion is that the vcelo-
city ve-ctor of the center of inertia the missile always passes
t-hrough1 thc point in space where the targeýt is at the Given
nollcnt.a

The second Sroup includes target pursuit along_ lead
curves.s Yitha this, tho velocity vcctor of the center of i-
ncrtie. m-issile .m.akes a cortain angle0 with theu missile-ta-rgect
direction. 'This angle may bo preýserved unchanged during n~o-
tion or mayv change, accordingS to some, law.

The third group iacludos threea-point curvos or curves
of targeOt cover. In this case, the maissile;, shifting in space,
alwayrs remains on the radiu-s-voctor which pa-ssos throu-gh the
tar-'et and some fixed or moviing 'oint, for example, st.artinrg
point. This mothod of hos-ing is frequently called beam homing.

J~ith a c onst-ant' lead angle, the trajeýctory of the mis-
sile miay bocome straight if ti-i lead angle0 is so selected
that the velocity vector ofl the.: center of inertia tha m.issile
is directed into the point of interception. In practice it
is ve-r~r difficult to realize straight-line fli3ht of a missi-
1I- in viewr ofL the; comiplexity of oxact determiincation of the
lead an-le. This raethod of ho.-inS is called parallel approach,
since, the- limoi wh'ich connects theý rocket with the targeot shifts
'jth -this parallel to itself. In this cas.-, the vector of
relat.`ivc ve-'locity of the mi-ssile is dir~cted to ti-i targe;t.
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Tho curve-s of pursuit and three-point curves cannot
be strcai~ht evcr with strai-ht-lino and constant aotion of
thce tarmot.

In nori-roctilindar motion of the centcr of inertia., of
theo .:ilssileý, t'he_ traje;ctovr curvatureý is linited by Mac me-
r.ý.nt created by the ruddýr. In connccti~on w~hi~t this, th a-
bility' of a missile to pursue the tcar~ct talong one of thosce
curves until impact w-ith the targeot is subject toinve-Sti-.a-
t ion.

The Toroblozi of tarm,:t pursuit was oxaa2in.,d by a numL,-
beý,r olf scientists as a% kincematic problem of mutual ;motion of
t,.!o point~s toLTcý-rds Liututal "-pproach.

The problem JL- of miotion o' point aloiiG a..curve of pur-
suit ~!zsot for the first time:ý by that uan of' 3Qnius, tho
It.lian artist, scientist, and on3inoor of the Renaissanco,
Leonaardo da Vinci, in 1510. (51,39).

Indepcndontly of Loonai~do dc. Vinci, whoac' work remain-
ed unknown until the e;nd of tho Ninctceont~h Ccentury, this pro-
bloei attrcacted the attention of the promiOnent F'ronclh scien-
tists Bou.,uor and 1iiaupa .rtuisl`n 1732. The .first solution of
the problemn in case of str~ai~ht-1ine motion of tho tar-ct be-
loný.s to Ddour-ucr (37). flaupcrtuis (60) formiulateýd thc pro-
blole in a r.orce -tencraJ. way, when the tar-ot :Moves with a con-
stant sccalcr velocity alonG an arbitrary curv,:*. Tho works
of Bou,.uer and Hauportuis in the beginning of the Ninoteenth
Cenitury became equally forgotten and thce problem3 of the line
o~f pursuit vraz raised as *r now ono for tho third timo by Du-
bois-' ,'rmic (465). Dubois-Ayee calle1-d the pursuiit curve the
dos's scurve.: this na-Mo hlas since sprc-ad in almost the same
v-ay 0,as tho oril:ginal naný-e. The solution of the problem,- cited
in this note turned out to be Qrroneous, and thu honor of dis-
coveýry of' the new problem has beena undescrvodly attributed to
Dubois-A-,m,. Howeover, this note has playeod a positive role,
s inceo it Iinducod a series of' works which 1jha-ve, to -. cdnsidora-
ble do-ree, solved tia-problo-. of the curvQ of pursuit. The
first of these works Was the article of Laurent (56). In this
thoroug;h investigation, results we;re obtained anew which arc.
found in BouGuor, and subsequeýnt invostigýations were conduc-

* te;d; in particular, tho curvature., radius of' the pursuit curve
was foux-id, and its lim2it values at the uonent of hitting the
tar3g-t in dopendence on correl"ation of the vclocities of both

*It is necessary to note the inaccuracy allowcd in this connec-
tiona by Lenia (53). Loria's rcforonce to th-c work of "Hauper-
tu'is: "3olutCion d 'un problome do --eoootric" is incorrect, since
this work belon~s to Clairaut and *has no conncction to thce
curves of' pursuit.
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Points wras dotorminod. The problcu, as in Bouguer, is lA3-
ted by the case, of the straiGht lino and. constant vclocitiy of
the tar~ut. In subsequoat works of Laure:nt and Stur2-- (57),
tlic )roblo., is solvod for a cc-se unlik-l.r in 1.ractice, whenci
theI pursuiiiS point patcptsin: tramsfý~.r 2-otion wiith a

ridi~ewhicha :2ovc3 proý-rcssivoiy waith a conistant veotor ve:;
loc itir The saae problum is olo~antly solved by Quorrot (67)ý
At- the, sa::-io time, hc restores the priorityr of Bou~ucr and
..cup.ertuis.

Independcatly and simultaonoouslyr with the: work of Lau-
rzent, an article by Burg was publisheýd in ViormflL~, which was
deDvc'tA. to theý probleu-; of the, curve o2 pursuit, ra--ise:d by
Dubo-.S-A'-.%.;nC In this work, tho -orobl-e:-, is solveýd withina
slyst&- o" oblique coordinates. Theo surfaceDs of the: solids
of re-volutioa area also found, whose -cnoratrix is the curvo
o.1' pursuit.

F'icklin (43) Save a gne;ral foraule. of the length of
theo -ursuit curveD in the- ca-se when- the- pursuinG point n.-oves
aloneG a strai3lat line- and reGularly.

The works of In~all (54), Ba~rbour (36) and CGorsolin
(50) "-ro also devote-d to various aspecCts of the problen- of
Bou-ueýr.

The works of Cesa-ro (44) arc- deývoteýd to onc; particular
ca.se of thec rolative ýnovcmeent of two points, under which the
traj-cto-.ry of one of then. is the curve of pursuit.

'obilo (63) applied the imethods of natural Goo--etr-, to
the inve.3ti-ation of the curve of pursuit and also devoloned
thel, idoas of Cesa-ro.

C-auss (49) discovorcd certain intcerostinG 200jictric
i~ecliaitis o th curve of pursuit for t' ) case, of strai-ht-

lin, .ovnn of th-, t a-r-ot.
The solution of the problere of Bou~u.-r in the vector

fer-n., -pplyrii-4 natural axes olc coordinates and the fornýula of
?renwas VTP iv%-n by Puckette (66) in 1953.

Lucas (59) rAised for the first time the proble;-2 of u--.-..
tual pursuit alo'n, the curve- of pursuit of three do-s placeýd,
at the bc-innin3 of iiot(ion, at the vertc.xe:s of an equilateral
triCanglo.

13rocard (38) dQetcrmincd that in this case all three..-
tra-jectories are lo,,arithImc. spirals.

Th;- sanec problo.e: was3 solved by Ha-ckott (52) in a .--or.-
Sgencral wa~y by the noiýthod of nunerical inteD~rAti on. Finally,
U.,orskoyr (17) 'obtaineud the rc~n,:r"l condition of the :iovoiaeat
of a point alonS the curveý of pursuit, whcn the; latter trans-
forns into a lo,;aritlte1ic spiral,

In 1877, Broclard (40) ra-ised the problc2 of dctor-.-i-
ninG the curvo of pursuit in the case Lrhcn the pursued point
.:!ovc-s e-venly alonG a circun±'erenco, and the pursuit be~ins
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fron the center of the same cirounference. Having obtained
no result, Brocard (40) again raised the sa,e probloe in
1383, proposinG to limit the solution by settinS up the dif-
izirontiaý equation of the curve of pursuit. This tioe, the
soluItion •;as 3ivon by Xoolhoff (55). This differential equa-
tioa .'i.s brought by Dunoler (47) to a differontial equation
o- first degreo and he also analyzed the iatoeral curves by
the aothod of Poincare. The sa"e problen was solved bf the
uethod of Graphic integration of differontial equations by
1Lorlay (61). A qualitative analysis of this probleo was "i-
von by Hathaway (53) in 1921.

The problez- of 11aupertuis received further devolopmont
in th_ works of Dien~ar (45) and i orskoy (27). In those -r-
tic-los, the differential equations of the curve of pursuit in
the ease of an arbitrary flat trajectory of the pursued point
are given. Dieoper dos 'not examine the possible ways of
integratins this differential equation. i1orskoy integrates
this equation only for throe specific cases, froa which, in
the first case.., he returns to the probleo.a exa.2inod by Bou-
gucr; in the second case, the curve of pursuit transforus
into loarith:-.ic spiral.

D'Cc&Sne (64) and Burmoister (42) developed a sLzle
3eo:2otrical method for plotting the curvature center of the
curve of pursuit for the goneraJ case of the flat trajectory
of the pursued point.

The systeoi of differential equations of thO curve of
pursuit in the case whon the pursued point ioves alonG a spa-
cc curve was Given by Cailler (43) in 1924..

In the work of Pu3achev (20), the probloes of deterzi-
niiv thi load angle in connection with one problei of shooting
i•ovinS targets is ;xa.Uinod.

The dissertation of Bordovsky (21) exazines the curve
of pursuit for a point of variablo :aass.

Hstorical notes of investigations of the curv, of pur-
suit worj put together by Archibald and AanninS (35)- they
are also cited in the works oi Loria (58), Neville (62), and
Puckette (66).

The kinematic problem of 2ovezoint along a throe-point
curv: .-73s examinod for the first ti-e by .ilder (68). Having
put together the difforontial equation of the curve, :filder
determained the. curvature at any point of the trajectory, a-
symptote, inflection point, and other elemonts of thb curve.
Further, he constructed all of the solutions without inteora-
tin3 the differential equation of the curve. At the end of
his work, Jildor points to possible ways of intogratinS the
differential equation, refusing to apply them hi2self duo to
their cozplexity.

During and after the Second Yorld -ar, works' appearod

7



-rhica 'roro devoted to the move-iont of hominG :eissilos which
pursue a targect.

In the work ofii Parret, Roth, Sdn-or, and Val1_-Iy (69),
tho -)roblc.-. of~ pursuing a tar-et which ..Ioves horizontally, e
qual]. ,azid a-long a, straig!ht Olile, b- "a rocket whaica is Suid-
-d b:-gaa -- 3jet is exairod.ih fligh-t occuro alonS c.
throoe-ooiat curve4  The di,,crta qu"-tions of theý .2tioa
are inte-ratod by? the) nuisoilical i,.othod 1for "- nui-ibeý.r ol' ini-
tial conditions. The doctoral dissertation of Roth (73) ia
devoted to the sa--iie probleý;i. lI- both works, the authors li-.:At
the-7selvcs by the- dotor--ination of th-c traje:ctory of the ruc-
kct ,.nd )scill"ations of the body at the- 3r~avitAtiollal center.

In awor by ~heGcrzan uid-d--issil-s sp~ci-list-
Liso-lans (82), a kine.:a'ýtic investigation of the ..ýovo-o:nt of
a rocket, ,uidod by theo .2ct1-od of ta-rget oovcra-ge. is conducted.
In an Linvostigat ion by ::),Dans of this -,othod, tho point froa.1
whi ich the-i shot is fired, theaisio and the. target arc; al-
ways on theo sane2 straight lino. The rocket describes a tr"-,
joctory which is called the three-point curve. Lci.-eg-a!13 ro-
sards he:isi and tho targ-it as points which --ovQ with
constant volocities. The trajectory of thce targe-t is the

ThC a-uthor analyzes- a ca-so of shootin3 fro-2 ground to
an airplane- and finds the differential equation of the trajec-
tory of the :iissile guided by the :,,othod of ta-rget covorage.
The obtaineod differential cquation i-ay be reduced to quadra-,
turces .Ihicha are oxpresscd in e~lliptical functions. TherefLore,
the- cauthor selects for further investigation a-nother :eeothod -

the ' ,):ethed of approximatad structure of trzajectories of the
,Suided .2-issilos. The obtained differential eDquation of the
threec-i-oint curve is utilized by theý author for finding the
V or.-iula of the ra.,dius of the trO-jectory curvature of tho
suided aissilo. Having- obt~ained the value of the curvature
radius, Lois03ai-Z dotor:-Anos the- locus of the point of aiu:
curvature or ::n~aradii of curvature.

A subsequent investiga.tion is conducted by :ic.-ns of
conz~structin- approxizatced, three-pointtrjcoisfth
ailssilce, depending3 on various arigles of startin3, on various-
distances of the trajectory to the tarGet, as well as on
variouo correla-tions of velocities of the Aissilo and tho
trarget. Ljc. inetato is conducted separately; f"urther-
--noro,, in a study of the various starting anGle.s, the dista-nce)
to tar- e:t and correlation of theý ve-locities of the .-iissilo
and target arc taken to be constant. In the sa-:oeaner the
influence of two othe-r factors is investigated: thu change of
distance to target and the correlation of iisisilQ and tar.-et
ve.locitie-s.

Further on in the work, threeo-point trajectories ob-
taine-d in various cases of shooting fmoi one airplane to
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anothor arc discussod. The ý_iothod of their approx-l~atod
construction doos not differ in principle fro.-- thc construc-
tion of curvcs in shootinG fro.]~ Sround. to airplane, only in
this az r.ew independont factors lareý add..d: the opoed caad tho
dir~.ýction of fl13ht of the atbcackin,ý Cirpl-=nc. Alaiinr3 ulp his
:',±nd :.3 to the value- of the s-ziallceat possi'lol radius of cur-

* vaturo, the "author Sivos a .2cthod for calculatin,3 errors of
hittinGý in unfavorable corrolations of the apoeds of thc. .-As-
silo mad tho targect, whe)n the curvoe of the. trajectorý,r at any

* point 'ouco-ies so lar&e that theý _2issilo cannot follow furt.1er
along, the threeo-point trajectory. It is proposed with this
that t'e - isile beginninG, at this critical :uo~enýt, .oe
"alon& .n a.rc of the circu~ife.rtznco of the siiallcst-tole:.raýble
radius of curvAturle.ý

Two w~or~ts of R~sslcr (83), the,- prozinent Gor.-.(An -pc-
cialist in ro-ioto control, aro dovoted to target pursuit a-
lon&; the- curve of pursuit and with a constant angle of ad-
vance. J03arding the :-Uissilo and the targot as loci which
l-ovo with constant, scalar velocities at the tizeo whenl the
ta-rGe-t moves a"long a straight line, Rhsslor finds the equa-
tions of the trajcectories of tho _zissilo, also the curvu of
pursuit in constant angle of "-dvance.

UtilizinS the equationo of the trajectorics, the author
deDtcrz:inus f'or both casjs the law of chanmge of the radius of
curv"-turo of the curvcs and the aondition unde-r which the dis-
taaicc betwoen the rocket and thc targeot dezcreases z-onotonous-
ly. This part of thi work htas the .-:ost iz.:portant theoretical
s i.,gnfic.carco.

The subsequont analysis of R~sslor is reduced to a, cal-
culation of the probability of hitting the ta-rGet. The- au-
thor sa1-kes up his r-And Cls to thea uinizaal tolorable radius of
curvaturo of the trajectory of the nissilo proedinG froz-
the: fact that the acceleration which the z--ssilo --iay achieve
is liz.ite'-d by its rudder and uass aharactoristics. The tar-
gct is considered as having been hit not only in a :ah 1 a
tica-lly~procise- hit, but also in the case when the- distance
betwee,.n the zissilo and the target boco.zes saaller than the
ra-dius of action of the proxJL-ity fuse.

Rdssle-r fcee.ls that, afteýr reaching the :iaxi-iu.- tolera-
ble a-ccele~ration (the sr.iallost radius of curva-ture), the rud-
deDrs rezaain in the sae xtrez.,o position and the ai'_ssilot ha-
vin3 departed froza the: curve of pursuit or the curve of*: thec
constant angle of advance, doesribos on arc of a circu::Jeren-
cc ithich is located in the saeplane asB the curve of pur-

suit. 0 1 aftr such a fli,,htt the axis of the hozuing ea
will again find itself directeýd to the target, then, fro.2
this .onton, the :'.issilo will bogin to r.ovo alo:ng the so-
cond curv.e of' pursuit.
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Tho prob"-bility of hittin13 tho tar~ot is dutor--Iincd bY R~ss-
lor in various 11uits of' equiprobablo values of thce initial
an3lQ of attack: a) wh--.n thc-, pursuit -iay boý Co L_-_.nccýd fro-,
an7 diroction, and, b) when theý pursuit com..,,;ncos fro.-- be-
hml, -"ro*._ th0- soe-tor liulAted by 600 ar~lius fro.- th,; dir.-c-
ti:) p)r~cisoly into the; tail. ior the; curve, if pursuit, R-ss-

hertoaieshow tho proba-bility of hittinG2 charn7,us under-
various corrolations of volocities of the: a2issihl -and the tar-
'Sat, as Wall as under thu chance of only the spceed if tho tar-

,Por a fli,3ht alon3 a curveý of the; constaat z;n-lQ of
adacRdssle-r dutuAruiAnos the chariýro of tlhu, probabilit-, of

til-e hit i-f huaxis of tho ao-ui'nG hcad ::ksup a conastant
anglo_ with the direction of the taný3cat to the -.issilo tra-
ict ory

Thus, in thu works of' Rdsaler, as well as in th.: works
of L~.A-sc34-auC, tho authors confine thouseislves to th,ý inv--sti-
,sat ion o.-. tho trajectories of the curves of pursuit: th-- cur-
ye, o pursuit, thu curvc of th- constant an-le; of advance,
land the:, throc-point curvo.

Th-1 content of these works is tho kincuatic prubhc,.i
of theý .-2ot ion of two points 'of which onoý .--.ovus Qalong a. sltorai-ht
lino and constcat velocity a-nd thu othor pursues thuý first
with a constant speed alon- thaos curvas. .Iith this, It is
ne_-cessary to note that evon this sieiplost kinao:atic probliD-
has naot been solved to the: end: tho equations of tho :iovezae-,nt
of thuo pzint haveý not boo.n obtained in ally of these works.

Thuý atto.:pt to relate th_- obtained kinOcuatic data (thu-
-qufitions of thuý trajectorie-s) with the dynaLics of the -Ais-
silo, whie aakin3 up one's -2ind about thu Liini.2ul radius of
thu, curvaturo of tr.aje~ctory w-,hich can be achieve-d by thu cen-
ter o-f ine1rtia of the rocket, is a. first and oxtru:.aohy inac-
curateD approxi._at ion in this direction.

To'7,..thor with this, tho)se: works allow dra-Wir4S certain
Serieral conclusions about the t"actics of utilization of 3uidod
2iAssilos witha ho-uin3 heýads, irruýspoýctive; of the construction
and dynaau.ic characteristics 'of the spe-cific .-:issil s.

3ý.-innin3 w2th 1945, -ua,-ny works appear in print ini the
Unitod Status of A:_:rica devoted to tho proble.:I of a. howiinS
syst.-.: of -UidL-nc--. One of tho first is the work of Newoll
(78), in which the kineauotic proble-.a of the relative u'ot Ion
of two points is analyzed, of which ono - the target - -2ov,ýs
alonS a straig7ht line and uniformly, and the other - thu pur-
sumSG point - ::iovos accordin3 to one of ifive: -iaothods of
3uida-nc0 a-nd ho:-in%: -.) muid"-ncc byr a bea---; b) ho-Uing with
zero anglo of a-dva-nce (along the curve, of pursuit); c) ho.:inS
with a, constant anglo of advance; d) hou.-ing by the -uethod of
paralle-l approach; D) hou1ing by the iiethod of proportional
nav iS -t i on.



In the nu-xt y,.ar, 1946, thu; work of Spitz (?9) zppea-rs,
In which the- -2othod of proportional. navi-ztion is oxa.Anod as
a kinc,:.iatic problQu2 of .-:utual .:'OtiOn Of two0 3cO..Qtric points:

in tl-.o wor-s o 7 di~ '(74), 3connAt and 2thws(75),
vai~u othods of' aoý :in3- '(th-- .:thod olf .ropcrtionc.l a:.vi-

3Ction, th~. curv,_ of pursuit, ptarallol approach) aruxa.i;
nozd; f'urthcr_,or%., analytie and lapproxi.-at,. nu.!rical
thods of solution of tho kinc,.itic probl,ý._ of rela-tive :otionl
of two -co---tric points -re utilized.

In tho work of Adlor (76), t1hu .:othllod of proportionc.l
navi~ztion is _xCaiin-1d in ýpursuit of thc; tar3e-t In thr%.c,-
di:-'ý* sioaal spacc, Wacn pr~viously, Lxccpt for tho vworit 2.
Cýill~r (43-), all invcý,sti,-tioas wo.re: li.:,it-od by th- study
of tlae piano probiu:'.-,. Adler also li:-its hi_!scýlf by thu .;,
:'2inatlon of thu, lino..:atic prioblcuý., of th; .Assilo .:otion-
the- locus which pursues the tar 't.

In the book of Look,; (70) a su.:,.:ary cf A--c~ricon ro-
sea rch- in t ho arzea -of 3uidanec, pu;rforzed durin- thu. ton
postw.ar yearsa, is 3ivonm.

On ono hand, in thi's work, tho tr~ajoctcriu.s of a -Ais-
siloD w~hich is re;,r(ardcd as ac point which -imovs alon3 thui, curvu.
of pursuit witll a conat.ant a-n3`l'of advance, arc analyzke-d
-ccordinrS to thuý 2_othod of parallel-approach, ;accordings to
theý. *::uthod of proportional navI3"ation, a-nd In Zuidance; by
theo boe'aA. Th-:se kince;:atic invostiGations arc connocted with
thuD d-,na::ics of thQ ::iissilo-by :2&:ans of an uxa:iAnat ion of tho
chara-ctor of tho chann3c of nor~ml acceleration or an-le voleo-
citv-of turn of ikho tangeont nea-r to the tarmet approacches
zero, thona this is-sufficient to assure thcu accurate- fli.-htU
o f the :Assilo, to thu t~arget. At the s'-a~o tuLocke. staýtCs
that the.- anjec of turn of tho ruddor is proportional to the;
an~ulzcr velocilty of thu. turn of the tan~onti

.~J2;i,:ninS3, on thu_ other hand,, the dyna.-:ica of the -As-
silo durii-Z Tuidancc of tho rudder alon- o)n.- of thu- five so-
loctod ._,ethods of pursuit larid Cpplyin3 to tho diffe-rential.
e~qua-tions of :Aissilo ,_,ution the law of tho rudder turniaG as
functions of thuý Cn~le of error, LOcke, czntorin3 into a. con-
tradict'ion with- his previous conclusions, states (on the. ba-
sis of siL-ula.tiinG on clectronic co..pute-rs) thc inevitability
of a Aiss and thez a.bsolutj necessity of shuttInG ojff the
ho-.:in~ syste:;: noar the tar,,ot-. This incorruct ovlalua-tion of
tho uwholeý. pr-oblo.: of' hao:ing is prevalenat at the present ti-e.C
Thus, Adler (76), cx,:inin3- thu -;-iethod of proportional navi-
-at16on, stato8 analo~ou.Sly: "It' is possible to dc-::_onstratc.
that f'or z = ie, If the *ziissilo is tankcn as a :tc
rial point pthi.s oquat ion *lways leads to the Aýissilc hit-
tiin3 thb'tCar3Ct (for point objects*); furth,,re.,orc, this occurs



durin3r thc finanl ti;.:o intcorval and for a finitýý valuo of 1,h1e
.--i~silo acceleration. This conclusion does not, chan~o -von
in the presence of errors of -1Aa-rn or 3a~vr ftetr
tei'r. For c. rý-zl .iilwhich has atr usfor functioni tha"t

diir5 L'ro. one, thec points that r preocnt the; iissile and
theý tart,, will ne_-ver coincidLe".

This contra-diction, which w.-n cal1l-d by 3a~xteýr (030)
"the: .:Ctheiiatical paradox of th~l curve of pursuit" do.s not
find its nee1_ded explanation in tho woýrks of Lock-- and. Adl~r.

Locke (70) utilizes the kineý:_atic invcsti-ation of thze
re.-lctive :,otion of theý .!issil,. for sele:ction of the yse: of
auto2.)-!tic control of theý .otion, For this, on onc hand, the
a -plitudeý-frc-querxcy spectru'. of the an~ulcr veýlocity of the
turn of the; tnetjt the, tra-Jeýctory of the :isi. the.
valIue- is cxnstructod that is proportional to nor..al- Occ.l,.-
ration (s~iceý theý scalar velocity Is consta-nt). On th,. o-
theý-r hand, the a.:_plitudC-fre.quency spoctru--: is cunstructed

for th sel-cte;d systo:: of auto..,atic control of :otion o-f the
.iss-ilo-. Co.,parisoa of these two a-plituda-fr.q~c spec
tru-:: se;rv.s -as a theoretica_,l criterion of the; quality of the:
se._.lctA-_ bYst_-.a of "auto.,:atic control. This ..:ethud is basZed
,:)a theý assuao-tiorn thaot theý ano-LD of turn of tho ruddeýr is
*-proportionc.l to the, angular veDlocity o' th-e turn o'f the,ý tan-

cet which is taken by Lockeý (70) and by otheýr re..searchers
a.s indisputable,. and as roquiring no proofs.

In fact, as will be: do-ionstrate)d be-low, this assu;:-p-
tion is incorre.ct; it does not ta-ke into account th,.- dyn(a-,
.:-ics of the -::issilo itself -as a- solid body, it leýads to con-
side;rablQ fPrors, and in a nuimber of i--,port.-nt ca-ses, it
lea,"ds to ros~alts whiich Cre si.::ply contrary to the; truth.

LInde-pende-ntly of :2ction alon3 ideal traj,.;cto-ie.s,
Lock-- (70) rogards the real otion of the; guidod .isl Theý
di-f:re-ntical equations of the .2otion of the .Aissilo arc nu-
_-,cricallY inte:;,rnto-d togethcr with theý selected law of rudder
control. The: law of ruddor control is se;lected depCendinS
on, which of the; five ideal traje;ctorie;s the :2issilL; should
.I r)v-~ ner ith thisc, it is nattural that the. real trajccto-
ries, ;ve-n ina the _,bsejnce: of pe:rturbanceýs in theý _:Otioli of
the tirSt, a-s well as in th, -.,otion of theý -iissile:, will
diffe-r fro.- theý ideaIl on,ýs, sincý, the lair of rudderx control
alonGSth angle: of e;rror -2aw assure close-, but not precise,
.-:ltionv lo~ thec idea_-l traj.~ctory.

Thý- appearance of contceaporary high-speecd eleýctronic
co.- -,ute-rs lod to a- tcndency to ceaputu the-Ise near, roal, pe-r-
turbeýd trajeýctori~s sepzarately 'iLand, proccedia3 fro.-. this u-
rical iateýýration of differential equations of a.otion, to se-
le1ct tho cocefficients of the systD:1i of auto..iatic control. Such
an approachn to the: problo.:i is ý,spici"ally a--ttra--ctive., sincez the;
si..mulation de.vices allow nuac-.-ric"ally intc3ratinr line~ar
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of -..aatori0al points, and a strict proof of the, nece-ssary and
sufficienlt c-nditioris whiori an invostiSIation o1' sta--bility, ac-
cordin- to the first approxiz-_ation wiith application of linoa--
ri-zl-d equations, is ia orde)r. In thsa: work, Lyapunov
,)-O.p~seýd und de;velope;d h'is "s"'cond :-_:othod", which is 01 powe-r-
ful :-:,Cans of dotor:AniinC th.. statbility of .-iotion of any non-

*. liea yL-punovs second 2Q-,thod, applic~able to tho solvin3
of non-lincar proble:'is of the theýory of Cauto.,atic rc~ulation,

*found furtheýr fruitful deývelop:---ent in a series of L-porta-nt
wcr1.1s byr Luric which woro collecte-d by hi: in a- --ono.-m-ph
(12). -U

-The ideas of Lyapunov rceived furthecr essential do-
v .om:ntin wrorks by Chetayov (27) and ill.lkin (14). For

Solv~ing1 "analogo3us Problo.2s, thu thoorc.:is of Lyoapunov wore Op-
plieDd in works by Lotov (9). The non-line~ar problo:.-, oll .-u-
to-oscilJlations of a stand with Ctuto_-_aýtic pilot was oaic
bv Butonin (2).

Theý linear theýory of .-2otion sta-bilityj -.nd auto.-:.-tic
ro:.,ulaction rýce.ived a powr-rfill -:.cthod of inveýsticatiofl in
operations a-nalysis. Th.- -_...:thods of operations fanal-sis -,p-
plic:ablce to proble::s o-.k? iiechanics are wor~kod out in a aeono-
--raph of Lurko (11)., which pla.'yod an i::.portant role- in the
eýxpansion of the; nothods of oporations analysis in on-in.-or-
iniý co-:1putati ons.

Intoy'esting works in the acrea; of lincear systz)--s of 'au-
to:-.,Ctic re3ulc~tion are -i~von by Taypkin and Bro-.bcrt (26),

Krasovsk and Posp lov T6), (7).
3,DginninG with the works of Vyshneýradsky (5), tho

transitional proce-sse:s werG invosti-atod after tcr:Anation of
theý action of pcrturbinG forces. Late~ly in the works of Bul-
5a'kov (1), 7Ualkin (14), and Aoisceyov (165, :-,othods of cana-ly-
zinc, thc stability of :-otion in constant (but 1L.Atod, accord-
inG to va-lue-.) external perturbing forcos are: boin,3 worke;d out.
In theso worksI ideans arm boinS devclope-d which wcrc indica.-
tod b-, Lrapunov (13). 'icthods of analysis of non-linea--r "or-
cA-, oscillations are also acnalyzed in the works of But'ýnin (3).

The i-:portCant work of Ncy.:_ark (1 3) allowcd -e norali-
z in~ Cand dcte:r- 'AninG th,. Se~neral point of vicew to dif frenýt

cite-r iz of th.: sta-bility of -_otion.
In tho area_ of si::2ul"atinS schcezes of autoziatic resu-,

lCAtion, theý works of Trapcznikov and Kogan (24) a-re, ossen-

Theiz invostigation of the dynaazic s of ,,uided zissilos,
whesc force; of thrust is of reactivD ori-,in, is baseýd on the
do'ztrine, of the dynazaiAcs of "- point and a solid body of- va-_
riablo z.1ass. Tho originator of' this doctrine was 11leshcohrs-
kyr (15).
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differontial equantions with variabic coc.ýfficiLýnts, as well-1
as non-i inoar different jal equations.

However, in such a ziapproach to the* soloctio'2 of thc
basic cocfficionts~of theo syste--:~ of auto::.atic co)ntrol, it is
not icsboto..say -nythinS of the. stability of :otAion in
tih1 ee of Lya-punovi "-P wý-l1 as in the se~ns,: of tcchnical
stability - stability at the- final ti--,: intorv.-l.

As-iB correctly pointed. cut by Tsijen (71)9 it is no-
csary for Qxa:-Anction. of tho problo;:- of stability of :-.o-

-tion to sot up and cx.-2ine, thc differential oquat ions of ::-o-
tion. in, výr iat ions 6-t t4Q -tL~ when, In a L~ulat ion, the dif -
forentia]. cquations of p.4rturbcd -. otion Care Ixýinr i-nt ' ratod.
-Tic- "qa~n in .vriat~ona conn.ýot be. obtainjd, without tho
solution o"'th dynv.. :ic;'problo:._, of idcaL, -.Lotion of theo '.is-
silo.

AsideL froL' this,. the nu.,icrieal inteor-ation of diffe:-
rcntial oquz'tions of peýrturbed -lotion, which is done by o-
loctronic si.aul.ati.n3 dovices, does not allovvdoter.-inin& tho
&enoral. laws of;tho ideal as well ,-,s of thc re:al perturbe-d

2ot~nsin~ acci-c solution depends essontially on tho initial
conditions of i.-otion and the ooncroto v"alues of the; const1ant

paa~tes.which participate in. tho difforentia-l equations
of oon

Thus, for oxa-_"pJ.o, in approxi.:,atod nu.-eArical inte--ra-
tion of tho differential .equantions of perturbe:d :-otion, it
is not possible to soparante thosoe oa-pononts of a _iss that
are inducod. by t~he inability to recmlizo to the, cnd the idoal
a i-- ' accordin3 to the) selectod -iethod (duo to dyna-.ic li-iita-
tions. oftho systcý:a) fro-: tho~se- co;ý'.pononts of tho ziss that
wcre inducod by the difforonce) of the law of ruddor control
in .real n-,ot ion fron: the) law of .turbinG the rudder in ideal
*-otion, and. conditions of stable ate -of tAh-e n.issilo at thc

target connectud-with this.
nTcussfry tho solvethe, dovolic poblonof the idealho:in

it is Thus, fry the furvther doveloipront .-ý of theatof hozina
nion-of' the niAssilo which, on one hand, would allow doter-

-inin3 the ba~sic ch"-ractvristic lax-s of the process and the
dep-ondonco of the actur~cy of tho hit on tho dynaAic and kine-
:cAtic paorc.anotcrs 'of tho Aiseilo and tho targot. On the other
hand, the solution of ""his problo:. will allow obta_-inizaay.
t,:):- of differential equations in variations, which is tho
basis for scloctia3 tho. schoene-- of auton.-atic control and dao-
tor.zininG tho conditions of stable a~iain of a rockot at its
tar~ct.

.The theoroticcal basis for solving the problcez2 of the,
stability of rocket .,.otion is tho funda eeAntal work of Lya-
pulnoy (1 3). In this work, Lyapunov Savo- a. iz.athenaatically $-ac-
ctur:At deDfinition of the stability of the .notion of a-systcen_
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Thoso id~oa rocoivod furthQr dovcolop-iont in tho works
o.-f Ko szaodo::yc'vn sky (8).

Tho problo.n of -.--otion of controll~x1 ::issilos is bcyond
tho~sco'o of oxtorncal b-21listics. T~iis problo::.i,, du%ý to its
s-t-up -.nd :-.cthods of solution, is On,; of tho classic problo::-s
of cybý;rn ~ics, * ll of tlic; ba~sic focaturoa cand .:cthcods of this
now scionccý find th-cir placo In tho invos)ti~ation of tlhk pro-
blQ:1.. of ho:2inG.

Co:2parativo analysis of tho idoasl SystCo:8 Of 2"otion;
sol.oction of tho opti:-mi.-i paramot,:rs that trans.-Ut thz) infor-
:-ation rD3sardinlS oxtornal conditions; rational :-.-thods of
trans.-or.-in3 infor:,atioi- about oxt,;rn"al conditions into tho
control si-nals, Land, finally, synthosis of a systu.;, of auto-
..atic control of :-_otion ~- such -ro thc -2-ost Laportant co:..ipo-
..sito parts of th-o.doctrinc- of hoýing.

* 1. Sotting-Up tho Problo. -and Mothods Of Its Solution,

A critical Survey of the -:2ctlods of analysis and syn-.
thesis of-L ho-iin3 systol-s allows planning a furthcr path of in-
vosti-Ltion. The first problo.2 is the "-nalyticlal study of
the d~ynC.:Acs of idoal .-lotion of 0 --li88ilO.- This division lo-
-ically deveýlops the kinoeza"tic study of various -z2othods of

ho:nilvz Tho kinoa:_Itic invostIGaction (70), (78), (79) was con-
ductod undor tho. followinri lL--Atations:

a) tho :issilo and the target wore rogardod as loci;

b) the moction of tho t-r~ot -was takon to be ro~ular and
a10113 a Btraig"ht 1mbc;

c) the- scala~r vo3.ocity of tho -.2-ssilo was constant-,

Under thoso conditions, the kinc-zatic equations of -io-
tio-a were intc~ratod and tho following wore. dot-er,-*-i~iod: the
tra:Jcctory of' -ot ion;,nor-"-l acceleration; tho ang7ular 'velo-
cityr of-thc turn of the tlngent; tha tizec of tho procuss of
tarr~r-t pursuit; tho thrcshhold values of nor.--al accelerlatioa
and tho ani~ula-r vclocity of tho turnoftetnn oth
tra- 'Jectory near the t"arget.

The. advantages and. disadvanta,-cs of the v-rious -,.:ethods
of hoz.iinG wero jud.god by the character of the chaiices of nor-
zal --cc-leratioa or of 4anGular velocity of the turn of theý
talngent to the trajectory, which aro equivalent for a cons-
tant vCalue of-the volocity.

Such an eva-luantion of tho possibility of realization
of the pursuit up to strikinS tho tarr~ot is analogous to thu.-
on,;. appliced widely in' aviation;. nazaoly, a-ccordinG to thc- va-
luc of overload, or according to the radius of turn assuzeicd-
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in the dynaý-ics of a ship.
Ticse avaluations -ivo good rcesults in cstablishcýd,

st. dy-stlate, -.iotions. Howe)ver, -as th.- anal.ysis shows, ina
rn-n-stoa,ýd -stato, process of ho-iinG this -valuation loads to
ceoisidcrable- errors, and, i.n ce:rtacin aesof values of parC-

.~ters, lads to rosults directly opposeýd to rcality.
The para~doc of the curvo of pursuit is containcd in

ti-c fact that the nor::al accelerattion near the tar-ot --,.y ap-
proa-ch zero, the radiua of tho curvature of the trajectory

:iyincrease without li.-it, the overload -.,ay approach unity,
i.00, be; absent, and the m2issile will not be able to reali-
zej tho ---ltion alonS the 3ivon, idcal trajectory, since the
anrleý of turn of tho rudder, necessar orasrac o h
ideal :-Dtion near the tar~ot, :!ust increatse without li-Ait.

Analyltic~al study of the dyna-:ics of' the ideal ::2otion
of , rocket is conducted under the followin3 li::-itc~tions:

a) the, -::ot ion of thce tar-ot -- unif or::a and along a strai~ht
lino;

b) the- sca-lar velocity of the 2ilssilo is constant.

Unlikeý the cL-se of kinoz1-1,tic invosti,-ation, the rocket
is r3ar as - solid body with aruddcr., which znovee under

the action of theD force of thrust, Laerodyna-.-iic forces, -and
-zol:mets, as well as the force of gravity. Solvizt3 the dyna-
::lc tprobl(,-- of ideal niotion of "- .-issile allows jud-ing the
possibility of roalizing the pursuit along the selected tra-
Jo;ctory. on the, basis of the Law of chcango of ang;lo of the
turn of rudder, while; taking into account the inertia of theý
..issilo itself and the action of forces and _..o.:ints.

Cor'.paring the critical beha-vior of the -nr-lo of turn
of the rudder and the noniial acceleration of the ceýnter of i-
norti- of the '2i8si-lo near the targget allows us to solve, the

".athc:atical paradox of the curve of pursuit",O (Bakster,
/80-p7).

The dyna:Uc ana6-lysis oftho ideal raotion allows jud&ins-
whether, under the giveýn i.nitial conditions of _-zotionq the:
corrclantion of velocities of theý -. issilo and the:. tarGet., as
wecll as in depende-nce on ether kinc:lactic (the anGle of a-dvan-
cc) and d1ynaz-.ic_ (thc;o:ln of ineýrtia, the forces and :1o:2-onts
which influenceý the rocket) characteristics, the guide-d :-As-
silo can pursue the tarGet until "a -._ath).:_at ic ally-a-c curC to
hit or whether it will be ablo to dete~r;:ine the value of the
::iss, il the rudder, whose angle of turn is liLiitod by braces,
Will arrive at the ox~tro.LIo position before the process of
targert pursuit will be detor-_nind. In thc; latter case, the-
forul'a for the angle of turn of the rudder in coirnbination with
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tho oquation of the curve of. pursuit sc~rvos for d.,tor..zinins
th-e valuo'of tho S-lss.

Thus, solvin3 the probloe.-. of tho -Action of a. 3uid-,d
:::issil-L ý',oai3 the idc-ýl curve~s of' pursuit, it is possibl.: to
obtain a result about tho dyna,.Ac possibilitica of thc .:,issi-
lo, a.,bout the; influenco of vcarious dcsi~n f",ctors, corr';1C-
tions of the velocities of the isil and. the; target, th'. an-
gle: of adva-,nce ahd initical conditions of -2oti~on to the possi-
bility of striking thc target.

A study of the dyna.Ac s of tho ide;al --ltion of a-.,s
sileo lxndor various :--ethods of ho.A_,n3: 1) with a zero n1
of Cdvance, wheni the. velocity vector of the; rocke--t Is unin-
tezrruptcdly dir.cted to the :2ovi=3 tar30t; 2) with a constant
anglo of advcanco, when 'the velocity vector of tho 4-issile ea
.kes; a constant anGlo with theý linQ which coanects th,., _'issilo
with tho tarGcet (the.ta-rGet lin.ý, tho guide liai or distance
vector); 3) with p'arallel approach, w~hen the line- of thc tar-
got rC:2aiflis para-llel to itself and the vcctor of relative
spoeed is unintcrruptcdly directý-d to th,:. tar&et; 4) propor-
tional ntavigation, when thp aPnGul~ar velocity of the turn of
the taL-n~cnt to the traJcctory. of th,, -.-issiL.; is proportiona-l
to the a-ngula-r veýlocity of otlation of theý target line, --

alo'rsco-_1p.:.ring thcse: ziothods and aelectinG fro:.1 the:ý.,- thoso
that Cssure the oaiCllost or zero Aiiss.

Co::.parativoe analysis of various ::.ethods of ho-.in3 is
conducted on the ba*sis of the law-of rudder turn, which cor-
re-sponds to each of tho -.icthods of ho-,inS. At the s.a2.c tLet
t~his an~alysi6 'Cllows answoring the question rega-rdinS the
se~l-ýction of tho Aest ratioxial para..otors which Iiv,,, theý in-
for-:.-:ation "-bout external conditiofle '' in the Siv~n c",sc,
about tho values which characterize, tho ..aotion of the; t~argeot

IThe se;.cond proble:),- is the analyt ical study of -the; real.
:2,otion- of tho--.::isaile which is realized by :2eans of a schc;:zo
oil auto.-Ctic-control which socks to return tho :Aissilo to one
of the idea-l ho,-inrSr trajectories.

The curves which ;are close to idual a-nd which arc rma-
lized b- the ..!ssile: und.:r auto_.eatic control of :-2.otion by
-.eoOns of honin3 heads, ar. called the real curves of pursuit.
The: ho-ing head, whoso "-xis is constfa-ntly diroctod to thc,
tcarget, loads the :zissilQ by :eao-ns of a systez-_ of a-utozatic
cintrol, '-iving a cozai-,-nd to the rudder that is constantly
directed to e;lL.-ination of the ang1i of e~rror.

In this c~ase, the-- systo2. of differential oquations of
peýrturbed or r;:a"l zaotion is dotzer.iined by the; law of rudderx
turn'-as a function of thc angle of error.

Utillting the closed for,-, of the obtained solution of
the probloe: of idea;ýl .iotion of the: zlssilc; and tho difforontic.1
;equ"-tions of the real ;.otion, the, differential1 equations of
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:2otion in variations arv found. If the law of ruddor control
is built up dir-..ctly as a function of aoasur,:d :orror in -an-
Sular -.notion, tho: syston- of diff rc;ntial cquatiorns in vari'a-
ti-ms hc--s oýssjntially variabl.ý cocfficiciats. Tho scloýction

o2p.ar, ctors of incroas- of tho law of control in tho; caszo
o~f a systýý. of*L di-fforo'ntiaýl o'quations in varia~tions with vaý-
rizblc. coolcficiý;nts has not bcoo.n do:vo.lopo;d in a 3cnoral for..,
For son.o particular problo:ns, in this caso, th-- _,.,thod of
ad~joint functions of Bliss-(71) /sicJ7 is applicod; how,:voýr,
for solving tho problona of thQ stability of thc, ::,issilc. in
thoc proc.oss of hinthis -nothod ca-nnot bc~ utilizod. Thorco-
f:orc, thu. invOlsti~lation of thoý stability if :_otion and tho'
solo;ction of tho- basic scho:-o of a-uto-n-atic control of notion
in ho-niing, is ba-sA on transfornation of tho paramctora o-fL
of corror, :.2oa'surod during :n-otion, into control sglswhich
p,;r.-nit obtLainiag a systo.2 of diifforontial oquations in va-_
naCtions with consta-nt coo:fficionts for fli'-ht in a horizon-Li
tal piano (or in any piano, J' the con,.ponont 3ra-vitatioa forcc
is not takon into acccount). Constant transfor.namtion of tho:
zoa-"surod par.-I.ctor of o~rr'r into a controlling siGn-l is
possiblc duo to the prcviously obtAincd. Solution Of thL pro-
blon.- of dyn.-ni'cs, of idý;"al n6-otion of tho .nissilc, and is po)r-
for-naod. by -noac'_ns of a, con--putin- do ;vico.,

For tho syston:: of difforcntial cquations in vlariations
with constant coofficionts, tho scioction of' incro-aso pa-r6a-
..,tors in tho law of control of ruddor is solvod by classi-
"cal _::thods. Tho syst---n. of auto-atic control of noio na

bo :'i.adoý solf -ad Justa"blo; or n._ulti-accon-.odatin3, in tho torl-i-
noJ.03y of Tsio:n (71); furthor-n_,oro, tho principic of soif-a-d-
just iný. is bta-sod on tho solution of tho problon_ of dynan%-ics
of tho ido-al :notion of tho nissilo. Tho solution of tho, pro-
blon- o-f dy-,nc:-ics of the roal- nýotion of the -1i-ssiL, allows
Judr~inG dovirations fro,-- tho idoal tra-joctory, which "-r,. in-
duccod, first of' all, by thO difforonco,; of thei law of rudddcr
control in roa-l naotion fro:- thQ law of turning of thoý rud~dor
in idcal notion and, in tho scond pla-co;, by initial poDrtur-
,bancos.

Tho analysis of tho jinflucncco of tho. gravitatioaal
lorco on tho stability of -.otion in tho ca-so whon tho- pianc
oif pursuit dooýs not coincido with th,: horizontal. pia1no, is
an inportant aroa in tho'study of tho procoss of honinrG f or
idoalv , s woll as for rzoal, n-otion.

Subsoquo:nt rofinoý_Icnt of tho. solution: takinG into ac-
couat tho chaa~o of scalar volocity of tho ..Aissilo, variabi-
lity of n_-ass, ch0an~o of atmosphonric donsity, otc,,.. :-ay b,;
ro~alizod by rioans of xiu:,o-rical into:.,rat ion on sin.-ulcat ir doý-
vic'.S for c~oncrc)to: initial conditions of -.otion and parti-
cula-r valuos of all.1 pcranc~tors which ontor into tho diffcrontiz.



cquations of -,otion. Such C subse-quenit chockinG of the: sc-
le.ct.ed. construction 6,nd she-' of' auto:',"tic control is fleece-
sary, but it is quite %evid,:nt that in n- .-ýe-asuro can it re-
plzJ.O'anl2.lytic analysis of the; proble.:.

Thus, thc .analysi3s and. slyntisis oIC t~he process :)f
ho:: ,izr Z'alls uad%.r Care,; heads:,

a) idoaCl :notion of the 2i.ssilo, -- which. al~lows doto)r:: ininS
the dynm.-Aics of thc :-issilo without d.epondcence on the o~t:
ol* zuto:2.atic control of *.,otion in a %I-m~rL-l way, but with.
talkins iato account the zselecteýd law of ho:nth,.. init~ia)..
conditions of :.2otioa, and all. other dyna,:.ic and ~~e ai
c~xractý,ristics' of tace .:ss-- nd theL tcar-et;

b) rxc~l :-:otion of the -_Assilce, -- for wh~ich, utilizing
the: obtainod solution of th. proble..-- f or id-al -:otionL, theý
system-. of diffcrential equat ions in variations .Is, . xa.:incd,
which a~llows deter:AninG 'the values of coe~fficients of th%.;
asrst-e:. of -uto:-itic control, which assure;s the atable, at,
o f the-, roc~xwt -at the ta-rgt;

c) dk-te;r:ininr, thc. way to :ra-.rmioasurod para-.:cti:rs
of1 ' rror a-nd controllinrS signals and scttinr, up conditions
under which thc; ho-::.inC sy~st,.:: :.aCY be ad self-adjusta-blc.

Theý aonalysis of the process of hoz-Ain3j is qu~ally ap-
plicablo to ::iissilzes which. :ove-, in the; air and in the. wator.

B"-sic Syz-,bols

a - distance bctueen tho.:1158i10 and t~he tar3at.

Xy - c6ordinatos of the; :.aissil'c

xs,,;ra - coordina~tcs of the; target

v - velocity of tho rockot

V8- ve;locityr of the tar,"ut

4) anleof turn of' tho line' of tar~ct under zoro and
constant anzle:s of a-dvaicQ

f*!tho aznglo of turn 'of the lino of target undur pro-
portional navigation

- anrýlc olf C".ttaclc, anGlL of Glido
-the angle of turn of tbe tangent to the trajectory of the mis-
sile under proportional navigation.
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- ngloý of turn of thc. ruddcr

k-- thI rc.-tio of .v,;bcitics of t"-r-ýt and~ .:issilo.
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